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METHOD FOR ADJUSTING THE STARTING
TORQUE IN A VEHICLE

FIELD OF THE INVENTION

The mvention refers to a method for adjusting the drive-
ofl torque while driving oil 1 a vehicle.

BACKGROUND INFORMATION

Drive slip regulating systems (automatic slip control,
ASR), which limit drive torque by way of an intervention in
the engine management system of an engine of a vehicle 1n
order to keep the vehicle stable, are known. The limitation
of drive torque occurs 1n slip-dependent fashion, the drive
torque being more greatly decreased in the case of low
coellicients of friction, for example on snow.

A prerequisite for engagement of the drive slip regulation
system 1s that the speed of the driven wheels must exceed a
target speed. Problems can occur with automatic slip control
when driving off from a stop, since (as defined by the
concept) the target slip at a stop approaches infinity. In
practice, the target slip 1s set so that the engine 1s not stalled
by the automatic slip control system. The driven wheels can,
however, thereby end up in an unstable region of the
friction/slip curve, with the result that driving off on an
uphill slope on snow or 1ce becomes more diflicult and in
some circumstances in fact impossible.

SUMMARY

An object on which the invention 1s based 1s that of
carrying out drive-ofl operations in vehicles in stable fashion
even 1n a context ol low coetlicients of friction.

The method according to the present invention 1s used to
adjust the drive-ofl torque when driving off 1n a vehicle from
a stop. The method makes 1t possible to accelerate the
vehicle from a stop and to keep the vehicle stable even 1n a
context of low coellicients of friction, for example on a
snow- or 1ce-covered road. This 1s achieved by limiting the
rise or gradient of the effectively acting actual drive torque
that 1s generated 1n the drive engine of the motor vehicle, as
a rule an internal combustion engine, but optionally addi-
tionally or alternatively an electric motor as well. The
limitation 1s accomplished by the fact that the rise 1s limited
to a maximum rise. The drive torque stipulated by the driver
1s thus implemented 1 unlimited fashion only 11 the rise 1n
the actual drive torque does not exceed the maximum rise;
otherwise the limitation occurs. If the rise i1n the actual
torque curve 1s below the maximum rise, however, no
limitation occurs and the driver mnput 1s implemented as
desired.

This procedure has the advantage that the vehicle moves
in safe and stable fashion during the driving-ofl operation
even 1n a context of low coeflicients of friction that exist, for
example, with snow and 1ce as a result of weather. Accel-
eration from a stop can be carried out with no limitation 1n
driving safety. It 1s not necessary for the driver to intervene
in terms of controlling the driving-ofl operation (by actuat-
ing the accelerator pedal with restraint) in order to keep the
driving-ofl operation stable. The driving-ofl operation 1is
instead carried out in stable fashion even if a substantial
driver demand exists, which without limitation of the actual
engine torque rise would result 1in the adhesive friction being
exceeded and thus cause instability, but with the method
according to the present mvention 1s carried out within the
adhesion iriction range.
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2

The method 1s usefully carried out 1n a closed- or open-
loop control unit that can be a constituent of a driver
assistance system, in particular of an electronic stability
program (ESP system). The automatic slip control system
(ASR) can be retained without modification, since the gra-
dient or rise in the actual engine torque curve 1s limited by

the .

ESP system to the maximum rise.

The maximum rise that 1s predefined as a limit value for
the gradient or rise of the actual drive torque can optionally
depend on the current state variables or parameters of the
vehicle and/or of the surroundings of the vehicle. A corre-
lation with the incline of the road on which the vehicle 1s
standing, and 1s to be accelerated from a stop, 1s particularly
appropriate. The maximum rise as limit value 1s decreased
with 1ncreasing road incline 1n order to prevent the wheels
from slipping beyond a permissible extent when driving off
uphill. Conversely, the maximum rise can be raised if the
road has only a slight incline. The maximum rise assumes a
maximum possible value for a flat road.

Additionally or alternatively, further correlations of the
maximuim rise are possible, for example a correlation with
ambient temperature, by the fact that, for example, at
temperatures below Ireezing the maximum rise 1s set to a
lower value than at temperatures above freezing. A possible
snow or ice situation can thereby be taken into account.

A manual intervention to define the magnitude of the
maximum rise 1s also possible. For example, a summer
program or winter program can be set by the driver in the
vehicle, with the result that corresponding characteristic
curves are activated and the maximum rise 1s set to a higher
or lower value. The desired driving behavior can also be
adjusted, if applicable 1n this manner, for example by
distinguishing between “sport” behavior and “comifort”
behavior for the vehicle. Such settings are either stipulated
manually by the driver, set at the factory as the driver
desires, or determined from driver reactions while the
vehicle 1s 1n operation.

According to a further usetul embodiment, provision 1s
made that only the rise of the drive torque 1s limited, but not
the maximum value, which 1s stipulated by the driver. In the
context of an effective limiting of the rise, the maximum
value corresponding to the driver input 1s thus reached only
at a later point 1n time because of the flatter curve rise. The
absolute magnitude of the engine torque 1s not thereby
influenced, however.

According an alternative embodiment, it 1s also conceilv-
able for the absolute magnitude of the engine torque also to
be limited to a maximum value, 1n particular 1 situation-
dependent fashion, for example as a function of road incline.

In accordance with a further useful embodiment, the
duration of the limitation of the maximum rise can be
limited. One possibility 1s a time-related limitation, by the
fact that the limitation of the effective rise to the maximum
rise occurs only for a limited time period, such that after the
time period has elapsed either the limitation 1s entirely
cancelled, so that from then on the rise coincides with the
rise derived from the driver mput, or the maximum value 1s
modified, i particular decreased.

It 1s also possible, when a speed threshold 1s reached, to
cancel the limitation to the maximum rise or to define a new
value for the maximum rise. In any case, 1.e. 1n the context
of both time limitation and limitation until a speed threshold
1s reached, the corresponding threshold values (time period
or speed threshold) either can be specified as constants or
can depend on state variables or situation variables, for
example on road incline.




US 9,505,408 B2

3

According to a further advantageous embodiment, the
limitation of the actual drive torque to the maximum rise
does not occur until a drive torque necessary for holding the
vehicle on an uphill slope has been reached. This ensures
that when driving off on an uphill slope, the drive torque
necessary in order to hold the vehicle 1s generated 1n the
shortest possible time. Only then does the limitation of the
rise to the maximum rise occur. Until that point in time,
however, a higher rise 1s also possible 11 1t 15 stipulated by
the dniver.

According to a further advantageous embodiment, when
driving off on an uphill slope the actual drive torque 1is
clevated 1n the same manner that the brake torque currently
acting 1n the vehicle 1s decreased. What results therefrom 1n
total 1s a torque balance equal to zero. This ensures that in
the first moments of driving ofl, when the drive torque 1s first
being built up, the vehicle located on an uphill slope does not
unintentionally begin to move. The function can, in particu-
lar, be combined with a so-called “hill holder” function, in
which the vehicle 1s held on an uphill slope by automatically
generated active brake pressure without brake pedal actua-
tion on the part of the driver.

The vaniables necessary for carrying out the method, such
as e.g. the uphill slope, are ascertained 1n particular using
sensors, for example with the aid of acceleration sensors.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing the curve for drive torque as
a Tunction of time,

FIG. 2 1s a flow chart with method steps for carrying out
the method for limiting the rise of the actual drive torque to
a maximuim rise.

DETAILED DESCRIPTION

FIG. 1 1s a diagram of drive torque versus time showing
the curve for the effectively acting actual drive torque 1n a
vehicle that 1s generated by the drive motor of the vehicle
when driving away from a stop. The curve M, _, rises from
zero to a maximum value M____ that corresponds to the

FrLGEX

driver’s mput. Until a first drive level M_, located below the
maximum value M__ . 1s reached, the driver stipulation 1s
implemented without restriction. The first drive torque level
M_ corresponds to that drive torque which 1s necessary 1n
order to hold the vehicle on the uphill slope on which the
vehicle 1s presently located. The drive torque M, 1s uphall
slope-dependent; the magnitude of the uphill slope on which
the vehicle 1s parked can be ascertained, for example, by
way ol an acceleration sensor.

When the drive torque M, that 1s necessary for holding the
vehicle 1s exceeded, the rise OM , , which reflects the driver
input, begins to be limited under specific conditions to a
maximum rise OM_ . This limitation of the rise or gradient
1s intended to ensure the stability of the vehicle even 1n a
context of low coethicients of friction. The limitation to the
maximum rise occurs only if the driver’s stipulation exceeds
the maximum rise. The magnitude of the maximum rise
oM, _can depend on a variety of state variables or situation
variables, 1 particular on the uphill slope on which the
vehicle 1s parked. As the uphill slope increases, the gradient
oM _ __ becomes smaller. Further correlations are addition-
ally appropriate, however, for example ambient temperature;
the maximum rise oM __ __ can likewise be decreased 1n the
case of temperatures below freezing.
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_ . of the engine torque 1s not
limited, however, so that the rise in engine torque occurs
until the maximum torque M_ _ desired by the driver 1s
reached.

FIG. 2 1s a flow chart showing individual method steps for
limiting the maximum rise of the engine torque curve. In the
first method step 1, firstly the uphill slope of the road surface
on which the vehicle 1s parked 1s determined In the next
method step 2 the driver 1mnput, stipulated by the driver by
actuating the accelerator pedal, 1s 1dentified. Here the rise
OM , of the drive torque desired by the driver 1s ascertained,
and 1s checked 1n method 3 for exceedance of the maximum
rise 0M_ . which represents the associated threshold value
that was calculated as a function of the uphill slope 1n the
preceding method step 1. If the query in method step 3
indicates that the rise of the engine drive torque as desired
by the driver 1s below the maximum permissible rise M .
execution continues along the No branch (“N”’) to method
step 4, and the engine drive torque 1s implemented without
restriction 1n accordance with the driver stipulation.

If the query 1n method step 3 indicates, however, that the
rise oM of the engine torque as desired by the driver
exceeds the associated maximum rise 0M___ ., execution
continues along the Yes branch (*Y”) to method step 5, 1n
which the rise of the eflectively acting actual drive torque 1s
limited to the maximum rise oM _ .

Subsequently to method step 5, execution continues to
method step 6, according to which the limitation to the
maximuim rise 1s limited to a defined time period. In method
step 6 a query occurs as to whether that time period has
already elapsed. If that 1s not yet the case, execution pro-
ceeds along the No branch back to the beginning of method
step 6, and the query 1s executed again at cyclical intervals.
Once the time period has ended, execution continues along
the Yes branch to the next method step 7. The time period
can likewise depend on state variables or situation variables,
in particular on the uphill slope.

In method step 7, the time limitation to the maximum rise
follows the attainment of a defined speed threshold. It this
speed threshold has not yet been attained, execution pro-
ceeds along the No branch back to the beginning of method
step 7, and step 7 1s executed again at cyclical intervals.
Once the speed threshold has been attained, execution
continues along the Yes branch to the next method step 4,
which marks the end of the method; from then on the engine
drive torque 1s 1mplemented without limitation and as
desired by the driver. The speed threshold on which the
query 1n step 7 1s based can again depend on state variables
or situation variables, 1n particular on the road incline.

4
The maximum level M

What 1s claimed 1s:
1. An automated method for adjusting a drive-ofl torque
while drniving off 1n a vehicle from a stopped state, com-
prising;:
limiting, by an electronic stability control system of the
vehicle, a rate of rise of an eflectively acting actual
drive torque 1n the vehicle to a maximum rate of rise,
wherein the maximum rate of rise of the actual drive
torque depends on a road incline, the maximum rate of
rise being decreased with an increasing of the road
incline;
wherein a torque curve rises from zero to a maximum
value that corresponds to an input by a driver nput,

wherein until a first drive level, located below the maxi-
mum value, 1s reached, the driver input 1s implemented
without restriction, and
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wherein the first drive torque level corresponds to a drive
torque which 1s necessary to hold the vehicle on the
road incline on which the vehicle 1s located.

2. The method as recited 1n claim 1, further comprising;:

cancelling, by the electronic stability control system of

the vehicle, the limiting to the maximum rate of rise
when a speed threshold 1s reached.

3. The method as recited 1n claim 1, wherein the limiting,
of the rate of rise to the maximum rate of rise 1s limited 1n
time.

4. The method as recited 1n claim 3, wherein the limiting
to the maximum rate of rise 1s cancelled after a time period
has elapsed.

5. The method as recited 1n claim 1, further comprising:

setting, by an automatic slip control system, a maximum

value of the actual drive torque to a maximum value
stipulated by a driver.

6. The method as recited 1n claim 1, wherein the limiting
of the rate of rise of the actual drive torque to the maximum
rate of rise occurs only when a drive torque necessary for
holding the vehicle on an uphill slope has been reached.

7. The method as recited 1n claim 1, further comprising:

when driving oil on an uphill slope, elevating the actual

drive torque 1n the same manner that a brake torque 1n
the vehicle 1s decreased.

8. A closed- or open-loop control unit for automatically
adjusting a drnive-off torque while driving off 1n a vehicle
from a stopped state, comprising:

an electronic stability control system for limiting a rate of

rise ol an eflectively acting actual drive torque 1n the
vehicle to a maximum rate of rise, wherein the maxi-
mum rate of rise of the actual drive torque depends on
a road incline, the maximum rate of rise being
decreased with an increasing of the road incline;

wherein a torque curve rises ifrom zero to a maximum
value that corresponds to an mmput by a driver input,

wherein until a first drive level, located below the maxi-
mum value, 1s reached, the driver input 1s implemented
without restriction, and

wherein the first drive torque level corresponds to a drive
torque which 1s necessary to hold the vehicle on the
road incline on which the vehicle 1s located.
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9. A dniver assistance system, comprising:

a closed- or open-loop control unit for automatically
adjusting a drive-off torque while driving off 1mn a
vehicle from a stopped state, including:

an electronic stability control system for limiting a rate of
rise of an eflectively acting actual drive torque 1n the
vehicle to a maximum rate of rise, wherein the maxi-
mum rate of rise of the actual drive torque depends on
a road incline, the maximum rate of rise being
decreased with an increasing of the road incline;

wherein a torque curve rises from zero to a maximum
value that corresponds to an input by a driver nput,

wherein until a first drive level, located below the maxi-
mum value, 1s reached, the driver input 1s implemented
without restriction, and

wherein the first drive torque level corresponds to a drive
torque which 1s necessary to hold the vehicle on the
road incline on which the vehicle 1s located.

10. The drniver assistance system as recited in claim 9,
wherein the driver assistance system 1s an ESP system 1n the
vehicle.

11. The method as recited 1n claim 1, wherein the drive
torque 1s uphill slope-dependent; the magnitude of the uphall
slope on which the vehicle 1s parked 1s ascertainable by a
SENSor.

12. The method as recited 1n claim 11, wherein when the
drive torque that 1s necessary for holding the vehicle 1s
exceeded, the rise, which reflects the driver input, begins to
be limited under specific conditions to a maximum rise.

13. The method as recited in claim 12, wherein the
limitation of the rise or gradient 1s intended to ensure a
stability of the vehicle for low coeflicients of friction.

14. The method as recited in claim 13, wherein the
limitation to the maximum rise occurs only 1f the driver
input exceeds the maximum rise.

15. The method as recited 1mn claim 14, wherein a mag-
nitude of the maximum rise depends on the uphill slope on
which the vehicle 1s parked.

16. The method as recited in claim 15, wherein as the
uphill slope increases, the gradient becomes smaller.

17. The method as recited 1in claim 16, wherein a maxi-
mum level of the engine torque 1s not limited, so that the rise
1in engine torque occurs until the maximum torque desired by

the driver 1s reached.
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